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EP0504 230B1 

Description 

This invention relates to both a method of manufacture of a hockey stick and to a hockey stick of different construc- 
tion. 

5 Historicalty. hockey sticks have been manufactured from wood by a process involving a substantial degree of hand 
carving. Hitherto there has not appeared to be any reasonable method of manufacture or material from which hockey 
sticks can have been made which would satisfy the conditions for first class play 

It has been known that there could be economic value in manufacturing a hockey stick from plastics materials 
where the plastics materials are injection moulded into a shape of the stick and in whksh the plastics material is sub- 
10 stantially solid and can be variously chosen from one of the more common plastics such as polypropylene or nylon. 

Unfortunately such hockey sticks as have been nrode, have not been accepted for all classes of play for the game 
of hockey for technical reasons relating to difficulties pertaining to abrasion resistance, flexibility, density, strength and 
distribution of weight. 

The problem with such previously manufactured hockey sticks from such plastks materials is that they have been 
IS inherently too heavy and there has been quite literally enormous amourits of effort and tinra invoh^ l^^ to find a 
solution which can provkie for a hockey stick which not only can be manufactured reliably within a range of weights by 
a technique such as injection moukJing but that any such product manufectured In accord with appropriate dimensions, 
will have the required three characteristics namely ability to resist abrasion on appropriate faces, a balance of parts that 
weigh appropriate amounts so that the balance of the stick once manufactured is appropriate for a player, and finally 
20 the flexibility and strength of the final product Is appropriate and prefened for the application. 

It has been discovered that some characteristics of the shape of the stick can be modified in order to assist in over- 
coming these difficulties and this has been the sulsject of earlier patents. 

AU-B1 -34137/78 discloses a hockey stick with a head, a stem end and a handle, comprising moulded plastics 
material, in which there is a groove extending along the rear of the stem. This construction has provided some assist- 
2S ance in provkiling better f lexural characteristics with better weight distribution. 

The problem with such an arrangement however is that there are no easy means by which any of a smaller number 
of such sticte can be balanced for indivkjual users. Also, it has been very difficult to provide a hockey stick which will 
have an appropriate "feel" which Is of course a combination of balance and f lexural characteristics. 

GB-A-2033238 discloses a hockey stick whose head portion has a depression in its impact surface. The hockey 
30 stick is moukled from foamed plastics material in such a manner that the density of the head portion is greater than that 
of the handle portion. 

AU-B-1315018d discloses a method and apparatus for injection moulding holfow plastics items In which molten 
plastics material is injected through an opening into a mould space and pressurised gas is introduced into the mouki 
space through a separate opening. The gas Is wholly enclosed within the plastics material and forms a holfow core. 
3S After the plastics material has solkiif led, the gas pressure within the mouMlng is vented to atmosphere. There Is no dis- 
closure of the manufacture of hockey sticks. 

The object of this invention is to provfoe a hockey stick made from moulded plastics material whfoh addresses the 
problems discussed above and a method of making such a hockey stick. 

According to the piesent inventfon a hockey stick of the type consisting of a head, a stem, the rear of the stem hav- 
40 Ing one or mae grooves formed therein, and a handle, comprising nx>uUed plastics material is characterised in that the 
hockey stick comprises an outer skin region of a plastics material and a region of foamed plastics material contained by 
the outer skin, that the density of the head and of the stem is greater In the outer skin regfon than in the region contained 
by the outer skin and that the density of the outer skin region of the head and fower portion of the stem is greater tt)an» 
and in the upper portion of the handle is less than, the average density of the outer skin. 
45 It is preferred that the groove or grooves are of U-shaped aoss-sectfon and that their length extends parallel to the 
length of the stem of the hockey stick. 

The groove or grooves are preferably moulded Into the stem of the hockey stick at tiie time of moufoing but tiiey 
may also be incorporated later by using mechanical means, such as milling. 

There are a number of ways In which the two regions of different density may be formed and these will be sepa- 
50 rately described, tiiough the inverrtion is not limited to any one of tiiese examples. 

In one embodiment, flie hockey stick has a hollow core extending within at least part of Its length. The hollow core 
may be contained primarily in the handle of the hockey stick and may be coaxial with the axis of the handle. The hollow 
core Is preferably of sut}stantially circular aoss-section. 

One of the significant advantages of providing a hollow core is that there is now a method and apparatus by which 
55 a hollow core can be formed in a variety of injection mouUed plastics items by introdudng a gaseous fluid into tiie 
moukJ during ttie moulding process. Such a method and apparatus is dsdosed in AU-B-1 31 50/88 refened to abova 

It has now been appreciated tiiat tiie biggest problem previously encountered in connection witti hockey sticks, 
namely tiiat tiie high density of plastics material which is necessary to provide adequate abrasion resistance can be 
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counteracted by introducing gas into the mould during the injection moulding process so as to impart sufficient flexibility 
to the hockey stick whilst maintaining adequate strength. 

In the further embodiment the handle of the hockey stick consists of a moulded shape interlocked, infused or sur- 
rounded by a further plastics material which provides a gripping shape by which the hockey stick can be gripped. The 
5 moulded shape may be of star cross-section, of elliptical cross-section, rectangular cross-section or of triangular cross- 
section or may be a slot or may comprise a plurality of apertures of circular or other shape at spaced intervals along the 
handle. The further plastics material is preferably foamed plastics material. The purpose of the various shapes is to pro- 
vkJe an integral interlock with the stem and head of the hockey stick and the foamed material provides additional bulk 
and a shape by which the hockey stick can be gripped by a player. 
10 In a further embodiment the hockey stick includes an outer skin of plastics material and a core comprised of a 
foamed plastics material. The outer sWn of plastics material and the foamed plastics material may be of different chem- 
ical compositions or they may be of the same chemical compositions but of different densities. 

A major proUem with developing a hockey stick made from moulded plastics material is that conventional materials 
have characteristics which are not entirely suitable to provkle appropriate fleoiral and fracturing characteristics of the 
IS hockey stick and it has been found that itis preferable for the plastics material or materials to be reinforced with ran- 
domly oriented fibre reinforcement, which preferably comprises glass, carbon or aramd f bres. The length of the fibre 
reinforcement Is preferably in the range of 1 mm to 20 mm. more preferably in the range of 4 mm to 1 2 mm and is yet 
more preferably of 8 mm average length. 

It is preferred that the total weight of the fibre reinforcement is in the range of 60% to 90%. preferably approximately 
20 80%. of the total weight of the fibre reinforced plastics material. 

In a preferred embodiment the density of the foamed plastics material Is approximately 80% of that which would be 
the case if the plastics material were not foamed. 

In one embodiment of the invention the handle and the stem of the hockey stick are at least partially wrapped with 
a material to aid the grip of a user of the hockey stick. 
25 There are a number of techniques by which a hollow core can be formed within the hockey stick and one such 
method is that disclosed in AU-B-13150/88 in which plastics material is injected into a mould and a gaseous fluid is also 
iriected into tiie mouU under pressure during at least part of the moulding and cooling process. The injection of the gas 
creates an additional compressive force resulting in advantageous characteristics within tiie cooling plastics material so 
that this can be of varying density which provkies a different f lexural characteristic. This advantage results from the use 
30 of pressurised gas to form a hollow core within the handle and tiiis gas not only exerts pressure on the cooling plastics 
material between ttie hollow core and the surface of tite mouM but also exerts a pressure in an elongate direction 
towards the head of the stick. This addittonal pressure also assists in creating tiie density and flexural characteristks of 
this portion of the stick. 

Due to tiie overall size of a hockey stick, it would be prohibitive from a cost point of view to provkie an individual die 
35 for each of a variety of different shapes and sizes of hockey stick for various types of person. However, tiie length and 
position of the hollow core witiiin the hockey stick can be determined by tiie timing of the injection of the gas into tiie 
mould so that whilst the external appearance of one hockey stick may be tiie same as anottier. ttie lengtti and width of 
their hollow cores can be quite different thereby making one hockey stick feel '*heavy". and anotiier hockey stick "light". 
The ability to provkJe a variety of weights and in fact tailor a particular hockey stick to an indivkJual customer is therefore 
40 now possible 

Thus according to a furttier aspect of ttie present invention a mettiod of manufacture of a hockey stick of plastics 
material of ttie type which comprises ttie step of injecting a plastics material into a mould is characterised In ttiat a foam- 
ing or blowing agent is added to ttie plastics material prior to ir^ecting ttiereetf into ttie moukl. ttiat ttie plastics material 
is gated into ttie mould at a location which comprises ttie inner part of ttie hook shape at ttie head of ttie hockey sticK 

45 that a gaseous fluid is injected into tiie mould for a selected period whilst injecting ttie plastics material into tiie mould, 
ttiereby forming a hockey stick in which ttie density of the head and of ttie stem is greater in ttie outer skin region ttian 
in ttie region contained by ttie outer skin and tiie density of the outer skin region of ttie head and lower portion of tiie 
stem is greater ttian, and in ttie upper portion of ttte handle is less ttian. ttie average density of ttie outer skin, and that 
a groove is formed In ttie rear of the stem of ttie hockey stick during ttie mousing process or siteequent ttiereto. 

so Accordingly, there can be provided a plastics injection nozzle which injects plastics material directiy from ttie out- 
ermost end of ttie hockey stick shape and means to introduce a gaseous fluid some 51 to 76 mm (2 to 3 inches) down 
the length of the stick such ttiat during ttie injection process of the plastics material the Injected gaseous fluid. e.g. a 
neutral gas such as nif ogen. will be entrained in ttie flowing plastics material so ttiat as it passes the gas injection point 
the gas can be injected into ttie centre of the plastics material so ttiat the cavity created ttiereby is carried along ttie 

55 lengtti of tiie mouki by ttie plastics material. 

The plastics material may be a foamed plastics material. In practice, ttiis will involve the incli^ion wittiin ttie plastics 
material before Injection into ttie mouki of a foaming agent which is held under a substantial pressure whfoh is inher- 
entiy decreased upon release of the plastics material into tiie injection mould. 
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It is preferred that the foamed plastics material is gated into the mould at a location which comprises the inner part 
of the hook shape at the head of the hockey stick. One characteristic of injecting at this location is that the area of tiie 
skin immediately sun^ounding and at the gate location is slightly more porous but as tills is not a surface area that will 
be subject to abraston this is an appropriate injection location. However, those areas of tiie skin which are slightly dis- 

5 placed from tiiis location, ttiat is to say the hitting surface of the head or hook and. perhaps most importantly, the under* 
side of tiie head or hooK all receive tiie initial charge of injected foaming plastics material and a substarrtial thickness 
of material of relatively high density is thereby formed in tiiese vital locations. 

However, as the injected foamed plastics material proceeds up tiie die towards tiie handle during tiie Injection proc- 
ess, tiie pressure of tiie plastics material progressively decreases due to the fact ttiat tiie plastics material is moving 

10 into an open area so ttiat tiie plastics material becomes progressively more porous towards ttie most distant parts of 
the dye, especially at tiie surface. However, ttils characteristic is acceptable at tiie handle end of tiie hockey stick where 
surface abrasion is not a problem and some surface porosity is not disadvantageous in that it provides for adhesion of 
a surrounding grip material. 

Someofthe more drfficuitproblerris relating to hockey sticks suitabi Intemationafdass of the sport 

IS of hock^ Incfude its stsdaility when subjected to uttraviofet. light, its resistme to changing temperature and humidity 
and its abrasion resistance. It is setf-evideht that if a hockey stick changes its flexural characteristics simply because 
the day is relatively warm or cold tiien it has less value tiian would ottierwise be tiie case. 

One aspect of tiie present invention is therefore a material which provkles significant answers to ttiese problems, 
namely tong fibre reinforced nylon. Nylon has ttie significant advantage ttiat it will absorb water and one of tiie main 
20 effects of this is to increase ttie ductility of tiie material which therefore effectively increases Its impact strengtii whilst 
at ttie same time reducing flexural strengtii and modulus. It is ttierefbre advantageous ttiat a hockey stick made using 
such a material should be immersed in water of a temperature in tiie range from O*' Celsius to 100° Celsius, and pref- 
erably boiled in water, for a significant period so as to ensure a high take-up of water before commencing use. 

A specific material ttiat is of significant value to ttie present proposals is a long glass fibre reinforced nylon 66 which 
25 is currentiy offered for sale by 101 Plastics of 1 Nicholson Street, Melbourne. Victoria 3000. Australia under ttie trade 
mark "Verton". 

One of tiie significant advantages of using such a material relates to the mode of any fracture that might be caused 
so that if in fact ttie stick breaks under fracture loadings, it can be expected that any fracture edges will not be spear- 
like as might be the case witti continuous rovings so ttiat such hod^ sticks can be considered safer ttian previous 
30 hockey sticks. 

For a better understanding of this invention it will now be described witti reference to the preferred embodiments it 
being emphasised that it is not intended ttiat the invention should be necessarily limited to the specific article being 
described. 

In tiie description refer^ce shall be made to ttie accompanying drawings wherein: 

3S 

Rgure 1 is a side view of a known hockey stick; 

Figure 2 shows one embodiment of a handle for a hockey stick in accordance witti ttie Inventton; 

40 Rgure 3 shows a second embodiment of such a handle; 

Figure 4 is a cross-sectional view of ttie stem of a hockey stick in accordance witti ttie invention showing in partic- 
ular agnxM in ths.raar of thestem; 

45 Figure 5 is a cross-sectional view of a hockey stick manutactured in accordance witti ttie invention; 

Figure 6 is a crose-sectional view along the line 6-45 in Rgure 5; and 

Rgure 7 is a cross-sectional view along the line 7-7 in Rgure 5. 

so 

Refening to Rgure 1 , the hockey stick 1 is comprised of a head 2, a stem 3, a handle 4 and a bead 5 showing a 
division between the parts 3 and 4. TTie stem 3 includes a slot 6 substantially between tiie bead 5 and tiie head 2. 

The factors that have to be considered in connection witti the invention in relation to ttie overall design comprise 
the outside diameter of the handle, the ability to core the handle using either gaseous injection or foaming materials, a 
ss change in the groove in ttie back of tiie stem part of the stick and a change in the overall head mass to reduce weight. 

The solid hockey stick shoiwn in Rgure 1 was moulded using ttie referred to Verton material produced by ICl and 
being type RF700-10EM, tiiis being a 50 percent long glass reinforced nylon 66 material. 

Such a material has a specific gravity of 1.57. The lengtti moulded was 940 mm, the volume was 546.103 cubic 
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mm, the weight was 856 grams (30.2 ozs). maximum stress urxjer an arbitrary 200 Newton force applied at 860 mm 
from a rigidly fixed handle end comprised 127.3 l\/1pa and a maximum deflection of 11 .4 mm. 

At a total weight of 856 g (30.2 ozs), this hockey stick, while useful for some players, was not satisfactory for normal 
play by competition players recognising that a weight of something between 483 to 767 g (1 7 to 27 ozs) was necessary. 

5 

Handle Aoalygis ■ Qygd Haixte 

The handle of most hockey sticks is the area of least stress in a normal game of hockey As in the game of golf, the 
head of the stick does most of the work and is subject to the majority of abuse in a normal game. Players of hockey 
10 generally wrap towel binding around the outer handle of the stick to provide adequate grip and "feel". Provided the outer 
diameter of the handle remains inside a 50 mm diameter ring gauge there are no specific size requirements. As a result 
of this we have examined ways to core out the handle area to reduce weight and to shift the centre of gravity towards 
the striking area of the stick. 

The standard handle diameter is 20 mm and covers a distance of 360 mm on a 940 mm (371 stick We cored the 
15 handle using a gas injection system marketed at the time in Australia by ICI (Embodiment 1). This system identified by 
the Registered Trade Mark. "Cinpres" allows solid regions to be cored using a gas which is injected at the same time 
as the thermoplastic resin. The analysis looked at the effect of introducing a hole over a distance of 460 mm Into the 
handle region of the stick. Various diameter holes were examined as well as slightly increasing the outer diameter of 
the handle to 21 mm to see the effect on the strength and deflection of the handle area (Embodiment 2). The results for 
20 embodiments 1 and 2 are shown in Tables 1 and 2 respectively In each case the stress and deflection are measured 
under a 200 Newton Force applied at 860 mm from a rigidly fixed handle end. 



Table 1 



Embodiment 1 


Handle DIa 
(mm) 


Hole Dia 
(mm) 


Weight Red*n 


Total Wt. 


Wall Thick 
(nrun)* 


Stress (MPa) 


DefPn (mm) 






grams 


(ozs) 


grams 


(ozs) 








20 


0 


0 


0 


856 


(30.2) 


10 


127.3 


11.4 


20 


5 


14 


(0.5) 


843 


(29.7) 


7,5 


127.8 


11.4 


20 


8 


37 


(1.3) 


824 


(29.0) 


6 


130.7 


11.7 


20 


10 


57 


(2.0) 


801 


(2a2) 


5 


135.8 


12.1 


20 


12 


82 


(2.9) 


778 


(27.4) 


4 


146.3 


13.1 


20 


14 


111 


(3.9) 


747 


(26.3) 


3 


167,6 


15.0 


20 


15 


128 


(4.5) 


730 


(25.7) 


2.5 


186.3 


16.6 


20 


16 


145 


(5.1) 


713 


(25.1) 


2 


215.7 


19.3 



45 

Table 2 





Embodiment 2 


so 


Handle Dia 
(mm) 


Hole Dia 
(mm) 


Weight Red*n 


Total Wt 


ym Thick 
(mm) 


Stress (MPa) 


Defl'n (mm) 








grams 


(ozs) 


grams 


(ozs) 










21 


0 


-23 


(-0.8) 


883 


(31.1) 


10.5 


104.7 


9.4 




21 


5 


■8.5 


(-0.3) 


585 


(20.6) 


8 


105.1 


9.4 


55 


21 


8 


14 


(0.5) 


846 


(29.8) 


6.5 


107.0 


9.6 




21 


10 


34 


(1.2) 


826 


(29.1) 


5.5 


110.4 


9.9 
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Table 2 (continued) 





Embodimerrt 2 


5 


Handie Dia 
(mm) 


Hole Dia 
(mm) 


Weight Red'n 


Total Wt. 


Wall Thick 
(mm) 


Stress (MPa) 


Defl'n (mm) 








Qrams 


(ozs) 




(OZS) 










21 


12 


60 


(2.1) 


801 


(28.2) 


4.5 


117.3 


10.5 


10 


21 


14 


88 


(3.1) 


770 


(27.1) 


3.5 


130.5 


11.7 


21 


15 


105 


(3.7) 


755 


(26.6) 


3 


141.6 


12.6 




21 


16 


122 


(4.3) 


736 


(25.9) 


2.5 


158.0 


14,1 



is Handle Analysis - Laminated Handle 

Embodiments 3 and 4 involved examining the use of two polymeric materials in the handle are& The intention was 
to nfx)uld a slot in the handle made from material identified by the Registered Trade Mark 'Verton". and as a second 
operation, insert mould a low density foamed polymeric material into the slot area. This would have two effects: 

20 

a) Lower the weight of the handle area 

b) Act as a shock absorbing medium to reduce janlng. 

25 With reference to Figure 2, Embodiment 3 consisted of a 20 mm handle 4 with a 10 mm stot 7 and Embodiment 4 
consisted of a 21 mm handle 4 with an 1 1 mm slot 7. 
Table 3 shows the results of the modifications. 



Table 3 



Embodiments 3 and 4 


Handle Dia (mm) 


Slot Width (mm) 


Weight Red'n 


Total Wt. 


Stress (MPa) 


Defrn (mm) 






grams 


(ozs) 


grams 


(OZS) 






20 


10.0 


94 


(3.3)- 


764 


(26.9) 


158.5 


14.1 


21 


11.0 


99 


(3.5)* 


778 


(27.4) 


132.7 


11.3 



* Notel Includes the addition of a foamed polymeric material with a density of 375 kgAn^ 



40 

Handle Analysis - Cross Formation Composite 

Embodiments 5 to 7 foliowed a similar theme to Emtxxfiment 3 in ttiat two materials were considered, one being a 
material kientified by the Registered Trade Mark "Verton** and the other being a low density foamed polymeric material. 
45 We i^ed a cross formatk)n centred in the handle regfon. Foamed polymeric material was nx>ulded over, to interiock 
with, the cross to provkie a soft feel harxile which acted to reduce jarring In play The soft material woukl completely 
cover the Verton and could be coloured to provide an aesthetic handie. 

With reference to Rgure 3, which shows a cross-sectional view of the handle 4, Embodiment 5 consists of a cross 
8 in which both arms 9 have a wkfth of 6.0 mm. Enixxliment 6 is similar to EmtxxJiment 4 but the arms 9 are both 4.0 
so mm in wkith. Embodiment 7 has one arm 9 of 6.0 mm and one ami 9 of 4.0 mm. In all three embodiments the handle 
diameter Is 20 mm and the aoss dameter is 1 6 mm 
Table 4 shows the results of the three Embodiments. 



ss 
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Table 4 



Embodiments 5, 6 and 7 


Handle Dia (mm) 


Embcxliment 


Weight Red'n 


Total Wl. 


Stress (MPa) 


DefPn (mm) 






grams 


(OZS) 


grams 


(OZS) 






20 


5 


69 


(2.43)* 


789 


(27.77) 


385.9 


43.1 


20 


6 


89.7 


(3.16)* 


768 


(27.04) 


577.9 


64.5 


20 


7 


77.8 


(2.74)* 


780 


(27.4Q 


408.7 


45.6 



* Note) Includes the addition of a foamed polymeric material with a density of 375 k^m^. 



IS Analysis of Qrooyfl on Back of Hockey Stick 

In this section we are examining the weight reductton and effect on strength as a result of modifying the groove sec- 
tion down the back of the hockey stick. Each change is treated separately to see the effect on deflection and stress as 
a result of the change. Embodiment 8 represents the base embodiment to which comparisons are made. 
20 Referring to the Figure 4. which is a representation of Embodiment 8. the stem 3 is 45 mm wide across the front 
face 1 1 and is 20 mm thick from front face 1 1 to back 12. the groove 10 has a radius of 7.5 mm. The ridges 13 either 
side of the groove 10 have a flat top 15 with cun^ed edges 16 of radius of 5.0 mm. The curves 14 at a'ther side of the 
front face have a radius of cunmture of 3.0 mm. The cross-sectional area is 670.565 mm^. 

The option being examined are as follows: 

25 

Embodiment 9 Remove 1 mm from the front face 1 1 thereby making the thickness of the stick 1 9 mm 
Embodiment 10 Move the centre of curvature of the groove 10 towards the front face 1 1 by 0.5 mm 
30 Embodiment 1 1 increase the radius of the groove 1 0 to 8.0 mm and reduce the radius of the ridges 1 3 to 4.5 mm 
Embodiment 12 As in Embodiment 1 1 but change the radius of the ridge 13 to 6.0 mm 
Embodiment 13 As in Embodiment 12 but change the radius of the ridge 13 to 5.0 mm. 

35 

Table 5 shows the results of the proposed changes. 



Tables 



40 


Embodiment 


Area(mm^) 


Weight Red'n 


Total Wt 


Stress (MPa) 


DefFn (mm-4) 








grams 


(OZS) 


grams 


(OZS) 








8 


670.565 


0 


(0) 


856. 


(30.2) 


59.8 


4.8 


45 


9 


628.226 


20 


(0.7) 


835 


(29.5) 


66.9 


5.4 




10 


654.077 


8.5 


(0.3) 


849 


(30.0) 


60.4 


4.6 




11 


632.162 


17 


(0.6) 


838 


(29.6) 


63.0 


4.8 




12 


626.215 


20 


(0.7) 


835 


(29.5) 


66.8 


5.0 


SO 


13 


598.559 


34 


(1.2) 


821 


(29.0) 


73,0 


5.4 



Analysis of the Head Area of the Hockev Stick 

55 The head, or contact area of the sticK is the most important part in normal play The size of this region is kept as 
large as permitted by the regulations of the game. The proposed design has a bulbous head shape which concentrates 
weight and the centre of gravity of the stick towards the contact area 

To further reduce weight of the stick it is proposed to remove 1 mm from the thickness of the head region. This alter- 
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ation wilt have no effect upon the stress or deflection of the stick, txjt will serve to further reduce the overall weight. 
There is little effect upon the playing characteristics of the stick as the design has seen the movement of the centre of 
gravity towards the striking face. 

The net effect of the reduction of 1 mm in the thickness of the blade is a reduction of weight of 11 .3 g (0.4 ozs). On 
5 its own this would reduce the weight of the standard stick from 856 g (30.2 ozs) to 845 g (29.8 ozs). 

The previously explored Embodiments illustrate the variety of ways in which different techniques can be used in 
order to achieve the techniques of this Invention. 

By combining some of the features of each of the Embodiments, it has been found that a hockey stick having ade- 
quate abrasion resistance, effective characteristics and weight distribution can be achieved which can be in the vicinity 
10 of 708 g (25 ozs) alt up weight. 

What has not been described specifically is the additional feature of providing what is generally catted structural 
foam and k>y providing for a structural foam which is Introduced into the core of the remaining part of the hockey sticK 
an even more significant weight saving can be achieved. 

Further, white reference has been made to a 50 percent long strand glass fibre reinforced nylon 66 materialr it is to 
IS be clear that there are a number of alternative materials and conpo8itions.Ql> material that can be used which can be 
useful in this application. 

Typically then, we have found that it is still useful and provides significant advantages to use 35 percent long glass 
reinforced f^on 66 and 40 percent long glass reinforced polypropylene. 

Ttie extent to which these materials are eltiier individually used or used in combinatton is a matter of judgement in 
20 relation to the ideal conditions for a hockey stick fbr each individual choice but illustrate the variations that are presentiy 
possible. 

In moulding trials carried out using structural foam and using the so called Verton material, it has been found that 
there can be provided an approximate 2.5 to 3.0 mm wall of solid Verton type material on the outside of the hockey stick 
with a more porous or foamed regton of material inside the sMn and of course in preference a further cored out section 
25 witiiin the handle region. 

On testing thus far. ttie maximum sti-ess value with a typical article in which them is a 200 Newton force applied at 
a 500 mm distance from a rigid support holding the stem, will be approximately 150 Mpa. 

A further preferred embodiment will now be described which incorporates a number of ttie findings described 
abova 

30 Referring to the Figures 5, 6 and 7, tiie hockey stick 1 1s comprised of. in conventional manner, a head 2 wiUi a gate 
location at an inner step part 15. 

A handle 4 and a stem 3 are separated by a bead 5. 

The shape of the hockey stick at the stem 3. as shown by the cross-section 6-6 and 7-7 in Figures 6 and 7 respec- 
tively includes a slot 6 along the lower part at a back side which extends substantially the length of tiie stem between 
35 the bead 5 and the hook or head 2 to provide additional depth but in accord witti a principle ttie subject of a previous 
patent 

In the manufacturing process which comprises injecting in an injection moulding process a thermoplastics material, 
the plastics material Is comprised of a plastics material available from the company tCI and similar to that which is soUi 
under ttie trade mark "Verton (RF-700-10 EM)" witti however a reduced long fibreglass content so ttiat the fibreglass 
40 total comprises 35% by weight of the total weight of ttie material. The plastics material is comprised of nylon 66. 

The foaming or blowing agent which is used is known as 'Hydrocerol" and ttie quantity of this material Is such ttiat 
the weight of ttie plastics is reduced subsequent to foaming within ttie mould to approximately 80% of ttie total weight. 

This of coirse is varied in accord witti the total weight of a stick required and tine balance and as witti ttie lengtti of 
fibre and ttie very specifk; characteristics of ttie plastics material these can be varied wittiin carefully controlled limits. 
45 The lengtti of the reinforcing fibre Is 8 mm and as a part of the injection process, ttits is injected ttirough a reason- 
ably large gate so that ttie reinforcing fibre Is kept more or less Intact so that whereas it Is randomly distributed, it Is rel- 
atively long as compared to other processes and mixtures that may be used. 

By directing the injecting material at ttie k>cation which comprises ttie inner part of the hook at 1 5, it is found some- 
what conveniently ttiat tills provides for a very substantial and consolidated skin wound those areas in the immediate 
so vicinity of ttie hook and that as the distance from the injection gate is extended, the skin becomes mae porous to ttie 
extent that the handle area 4 has some visible porosity on tiie external surface so that perhaps a 60 or 70% of plastics 
material and reinforcement is the consolidation of the external surface at this area. 

In tiie injection process, the plastics material Is first prepared and ttie blowing agent Hydrocerol is mixed and held 
in a holding container under pressure so that whereas the blowing agent has effected a release of gas pressure, ttiis 
55 has not caused any substantial foaming because of ttie maintenance of ttie pressure. 

By injecting tiien this results in a release of such pressure insofar that ttiere is an air outiet at some parts of the stick 
mouki and ttie result of ttie injection process is in accord witti the description. 

The results of ttie technk)ue are such tiiat fbr ttie first time ttiere has been able to be made by ttie process of injec- 
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tion moulding a hockey «tick which provides tor an extremely strong sudace skin which sul)stantial!y resists abrasion 
and therefore provides long life for a purchaser but perhaps even more importantly, the all up weight of a hockey stick 
which stilt is within reasonable dimensions of size can be manufactured to be within the range required by international 
hockey players and in accord with appropriate international rules. 

5 It has been found by slight variations of the amount of blowing agent, that the all up weight of a stick can be varied 
so that selected weights such as a 596 g (21 ounce) or a 625 g (22 ounce) or even perhaps a 138 g (26 ounce) stick 
can be made but in every case, having very adequate balance between the various parts of the stick in weight and 
finally being sufficiently strong so that they will not readily fracture if subjected to impact at various parts against other 
sticks or the ground or other obstacles. 

10 In the instance described, the total amount of plastics material has been reduced by approximately 20% by weight 
by reason of the gaseous infusion and the skin at the lower end (that is around the hook) is approximately 2 mm thick 
and substantially consolidated part whereas at the handle the skin is still approximately 2 mm thick but this has been 
reduced from a solkl compacted material to one in whteh there is a substantial infusion of approximately 5 to 10% of 
gaseous.infusion. 

IS The quantity of Uowing agent in the plastics material can be varied and the range of perhaps 0.121% of blowing 
agent is possible although 0.25% by weight of the blowing agent Is a prefen-ed quantity 

Claims 

20 1 , A hockey stick (1 ) consisting of a head (2), a stem (3) the rear of the stem (3) having one or more grooves formed 
therein (10; 6). and a handle (4), comprising moukled plastics material, characterised in that the hockey stick com- 
prises an outer skin region of a plastics material and a region of foamed plastics material contained by the outer 
skin, that the density of the head (2) and of tiie stem (3) is greater in the outer skin region than in the regfon con- 
tained by the outer skin and that the density of the outer skin region of the head (2) and lower portfon of tiie stem 

2s (3) is greater than, and in the upper portion of the handle is less than, the average density of the outer skin. 

2. A hockey sttok as claimed in Claim 1 . characterised in ttiat the groove or grooves (10; 6) are of 'U' shaped cross- 
section and their length extends parallel to ttie length of the stem (3) of the hockey stick. 

30 3. A hockey stick as claimed in Claim 1 , characterised in that the groove or grooves (10; 6) are moulded in tiie stem 
(3) of the hockey stick. 

4. A hockey stick as daimed In any one of Claims 1 to 3, characterised by a hollow core extending witiiin at least part 
of its length. 

3S 

5. A hockey stick as claimed in Claim 4, characterised in that the hoJlcw core is contained primarily in the handle (4) 
of the hockey stickand is coaxial with the axis of the handle (4). 

6. A hockey stick as claimed in Claim 5, characterised in that the hollow core is of substantially circular cross-section. 

40 

7. A hockey stick as claimed in any one of Claims 1 to 3, characterised in that the handle (4) of the hockey stick con- 
sists of a moukled shape (7, 8) interiocked. infused or surrounded by a further plastics material wfiich provides a 
gripping shape by which the hockey stick can be gripped. 

45 8. A hockey stick as daimed in Claim 7. characterised in that the moulded shape is of star cross-section (8). of ellip- 
tical cross-section, rectangular aoss-section or of triangular cross-section or is a skit (7) or comprises a plurality of 
circular apertures at spaced Intervals along the handle (4). 

9. A hockey stick as claimed in any one of ttie preceding claims, characterised in tiiat the outer skin of plastics mate- 
so rial and the foamed plastics material are of different chemical conposrtion. 

10. A hockey stick as claimed in any one of Claims 1 to 8, characterised in that the outer skin of plastics material and 
the foamed plastics material are of the same chemical conrposition but are of different densities. 

55 11 . A hockey stick as claimed in any one of tiie preceding claims characterised in tiiat ttie plastics material(s) is/are of 
thermoplastic type. 

12. A hockey stick as claimed In Claim 1 1. characterised in that the plastics material(s) is/are nyfon or polypropylene. 
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13. A hockey stick as claimed in any one of the preceding claims characterised in that the plastics material(s) is/are 
reinforced with randomly oriented fibre reinforcement, 

14. A hockey stick as claimed in Claim 13. characterised in that the reinforcement comprises glass, carbon or aramid 
5 fibres. 

15. A hockey stick as claimed in Claim 13 or 14. characterised in that the length of the fibre reinforcement lies in the 
range of 1 mm to 20 mm. 

10 16. A hockey stick as claimed in Claim 1 5, characterised in that the length of the fibre reinforcement lies in the range 
of4mmto12mm. 

17. A hockey stick as claimed in Claim 1 6. characterised in that the fibre reinforcement has an average lengtii of 8 mm. 

IS IB. A hockey stk:k as claimed in any me of Gams 13 to 17. characterised in that the total weight of the fitre reinforce- 
ment lies in the range of 60% to 90% of the total weight of the fibre reinforced plastics material. 

19. A hockey stick as claimed in Claim 18, characterised in that the total weight of the fbre reinforcement is approxi- 
mately 80% of the total weight of the f bre reinforced plastics material. 

20 

20. A hockey stick as claimed in any one of the preceding claims, characterised In that the density of the foamed plas- 
tics material is approximately 80% of that which would be the case if the plastics material were not foamed. 

21 . A hockey stick as claimed in any one of the preceding claims, characterised in that the handle (4) and the stem (3) 
2s are at least partially wrapped witii a material to aki the grip of a user of tfie hockey stick. 

22. A mettiod of manufacture of a hockey stick of plastics material which comprises injecting a plastics material into a 
mould, characterised in ttiat a foaming or blowing agent is added to tiie plastics materia! pria to injecting thereof 
into the moM, that the plastics material is gated into the mould at a focation which comprises ttie inner part of the 

30 hook shape at the head (2) of the hockey stick, that a gaseous fluid is injected into the mould for a selected period 
whilst injecting tiie plastics material into tiie moukl, thereby forming a hockey stick in which tiie density of ttie head 
(2) and of the stem (3) Is greater in ttie outer skin regfon than In the regton contained by the outer sMn and ttie den- 
sity of ttie outer skin region of the head (2) and lower portion of ttie stem (3) is greater ttian. and in ttie upper portion 
of ttie handle is less than, ttie average density of ttie outer sMn, and ttiat a groove (10; 6) is formed in ttie rear of 

35 the stem (3) of the hockey stick during ttie moulding process or subsequent ttiereto. 

23. A mettiod as claimed in Claim 22, characterised in that the plastics material is of ttiermoplastic type. 

24. A mettiod as claimed in Claim 23. characterised in that the plastics material Is nylon or propylene 

40 

25. A metiiod as claimed in any one of Claims 22 to 24. characterised in that after manufacture ttie hockey stick is 
immersed in water of a temperature in ttie range from 0^ Celsius to 100"^ Celsius. 

Psten tansprOcfte 

45 

1. Hockeyschldger (1), bestehend aus einem Kopf (2). einem Stiel (3). wobei die RQckseite des Stiels (3) eine Oder 
mehrere darin ausgebildete Rillen (10; 6) aufweist. und einem Griff (4), der geformten Kunststoff umfa8t. dadurch 
gekennzeichnet. daB der Hockeyschiager einen AuBenhautbereich aus Kunststoff und einen in der AuGenhaut ent- 
haltenen Bereich aus aufgeschdumtem Kunststoff umfaSt daB die Dichte des Kdpfes (2) und des Stiels (3) im 

so AuBenhautbereich grOBer ist als in dem in der AuBenhaut enthaltenen Bereich und daB die Dichte des AuBenhaut- 
bereichs des Kbpfes (2) und des unteren Abschnitts des Stiels (3) grOBer und im oberen Qriffabschnitt geringer ist 
als die durchschnittilGhe Dichte der AuBenhaut 

2. Hockeyschldger nach Anspruch 1, dadurch gekennzeichnet, daB die Rille Oder Rillen (10; 6) U-fdrmigen Quer- 
ss schnitt aufweisen und sich ihre Ldnge parallel zur Unge des Stiels (3) des Hockeyschldgers erstreckt 

3. Hockeyschldger nadh Anspruch 1, dadurch gekennzeichnet, daB die Rille Oder Rillen (10; 6) In den Stiel (3) des 
Hockeyschiagers geformt sirid. 
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4. Hockeyschlflger naeh einem der Anspruche 1 bis 3. gekennzeichnet durch einen hohlen Kern, der sich Qber wenig- 
stens einen Tell seiner Ldnge erstreckt. 

5. Hockeyschiager nach Anspruch 4. dadurch gekennzeichnet, daB der hohle Kern in erster Linie in dem Griff (4) des 
Hock^schidgers enthatten ist und mit der Achse des Qriff^ (4) koaxial ist. 

6. hloGkeyschiager nach Anspruch 5. dadurch gekennzeichnet. daB der hohle Kern im wesentlichen kreisfOrmigen 
Querschnitt aufweist. 

7. Hockeyschiager nach einem der AnspnDche 1 bis 3. dadurch gekennzeichnet, daB der Griff (4) des Hockeyschld- 
gers ein mitteis einer Form gebiMetes FbrmstQck (7. 8) aufiveist. in das ein weiterer Kunststoff eingreifl bzw. das 
von einem welteren Kunststoff durchdrungen Oder umgeben wird, der ein Grifform^ck vorsieht durch das der 
htoiceyschtager ergriff^ warden kann. 

8. Hockeyschiager nach Anspruch 7. dadurch gekennzeichnet. daB das mittete ein©- Form g^fdete FonmstQck 
sternfOrmigen Querschnitt (8). eiliptischen Querschnitt. rechtecklgen Querschnitt Oder dreieckigen Querschnitt auf- 
weist. Oder ein Schlitz (7) ist. Oder eine Mehrzahl von kreisfdrmigen Offnungen umtaBt. die Idngs des Griffes (4) in 
Abstanden angeordnet sind. 

9. Hockeyschldger nach einem der vorhergehenden AnsprOche. dadurch gekennzeichnet. daB die AuBenhaut aus 
Kunststoff und der aufgeschdumte Kunststoff unterschiedliche chemische Zusammensetzungen aufweisen. 

10. Hockeyschiager nach einem der AnsprOche 1 bis 8. dadurch gekennzeichnet daB die AuBenhaut aus Kunststoff 
und der aufgeschflumte Kunststoff gleiche chemische Zusammensetzungen, jedoch unterschiedliche Dichte auf- 
weisen. 

11. IHockeyschldger nach einem der vortiergehenden AnsprOche. dadurch gekennzeichnet daB der/die Kunst8toff(e) 
thermoplastische Kunststoffe ist/sind. 

12. Hockeyschiager nach Anspruch 11, dadurch gekennzetohnet. daB der/die Kunststoff (e) Nyk>n Oder Polypropylen 

ist/sind. 

13. Hockeyschiager nach einem der vorhergehenden AnsprOche, dadurch gekennzeichnet, daB der/die Kunststoff(e) 
mit regellos ausgerichteten Fasem verst&rM ist^nd. 

14. Hockeyschiager nach Anspruch 13. dac&jrch gekennzeichnet. daB die Verstdrkung Gas-, Kohlenstoff- Oder Ara- 
midfesern umfaBt. 

15. Hockeyschiager nach Anspruch 13 Oder 14. dadurch gekennzeichnet daB die Ldnge der Faserverstarkung im 
Bereich von 1 nrvn bis 20 mm Itegt 

16. Hockeyschiager nach Anspruch 15. dadurch gekennzeichnet daB die l^ge der Faserverstarkung im Bereich von 
4 nun bis 12 mm liegt 

17. Hockeyschiager nach Anspruch 16. dadurch gekennzeichnet. daB die Faserverstarkung eine durchschnittliche 
Lange von 8 mm aufweist 

18. Hockeyschiager nach einem der AnspnQche 13 bis 17. dadurch gekennzeichnet. daB das Gesamtgewicht der 
Risen^erstarkung im Bereich von 60% bis 90% des Gesamtgewichts des laserverstarkten Kunststoffe liegt. 

19. Hockeyschiager nach Anspruch 18. dadurch gekennzeichnet. daB das Gesamtgewicht der Fasen^erstarkung etwa 
80% des Gesamtgewichts des faserverstarkten KunstslDffs ausmacht. 

20. Hockeyschiager nach einem der vorhergehenden AnsprOche. dadurch gekennzeichnet. daB die Dichte des aufge- 
schauntten Kunststoffs etwa 60% der Dichte entspricht. die der Fail sein wOrde. wenn der Kunststoff nicht aufge* 
schaumtware. 

21. Hockeyschiager nach einem der vorhergehenden AnsprOche. dadurch gekennzeichnet. daB der Griff (4) und der 
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Stiel (3) wenigstens toilweise mit einem Material umhQIlt sind. das den Griff eines Benutzers des Hockeyschldgers 
verbessert. 

22. Verfahren zur Heretellung eines Hockeyschldgers aus Kunststoff, das das Etnspritzen eines Kunststoffs in eine 
5 Form umfa6t. dadurch gekennzeichnet daB dem Kunststoff vor selnem Einspritzen In die Form ein Treibmittel 
zugesetzt wird. daB der Kunststoff an einer Stelle in die Form eingebracht wird, die den inneren Teil der Hakenform 
am Kopf (2) des Hockeyschldgers umf^Bt daB fOr eine gewahlte Zeitdauer ein gasfdrmiges Ruld in die Form 
gespritzt wird, wdhrend der Kunststoff in die Form gesprrtzt wird. wodurch ein Hoci^eyscliiager gebildet wird, bei 
dem die Dichte des Kbpfes (2) und des Stiels (3) tm AuBenhautbereich grOBer ist als in dem in der AuBenhaut ent- 
10 haltenen Bereich und die Dichte des AuBenhautbereichs des Kopfes (2) und des unteren Abschnitts des Stieis (3) 
grOBer und im oberen Qriffabschnitt geringer ist als die durclischnittliche Dichte der AuBenhaut. und daB wdhrend 
des Fomiprozesses Oder im AnschluB daran eine Rille (10; 6) in die ROckseite des Stiels (3) des Hockeyschldgers 
geformtwird. 

IS 23. Verf^ennach Anspruch 22; dadurch gekennzeichnet daB der Kurt^^ 

24. Verfahren nach Anspruch 23, dadurch gekannzeichnet, daB der Kunststoff Nylon oder Propylen ist 

25. Verfahren nach einem der AnsprQche 22 bis 24. dadurch gekennzeichnet daB der Hockeyschldger nach der Her* 
20 stellung in Wasser mit einer Temperatur Im Bereich von 0* Celsius bis 100^ Celsius getaucht wird. 

Revendlcations 

1. Crosse de hockey (1) constitute d'une tdte (2), d*une queue (3) dont Tarridre prteente une ou plusieurs rainures 
2S (10; 6) et d'une poignte (4). comprenant un mat^iau de mati^e plastique moul^e. caract^riste en ce que la 

crosse de hockey comprend une r^lon de peau externe fbrmte d'une mati^re plastique et une r^ion de matidre 
plastique expanses contenue par la peau externe. en ce que la density de la t^e (2) et de la queue (3) est 8up6- 
rieure dans la region de peau externe k celle de la r^ion contenue par la peau externe et en ce que la density de 
la region de peau externe de la tdte (2) et de la partie inf6rieure de la queue (3) est sup6rleure, et dans la partie 
30 supdrieure de la poignde, est Inf 6rieure k la density moyenne de la peau externe. 

2. Crosse de hockey selon la revendication 1 , caract6ris6e en ce que la ou les rainures (10; 6) a (ont) une section 
transversale en forme de U et sa (leur) longueur s'^end paralldlement k la longueur de la queue (3) de la crosse 
de hockey. 

35 

3. Crosse de hockey sek>n la revendication 1. caractdrisde en ce que la ou les rainures (10; 6) est (sont) moul6e(s] 
dans la queue (3} de la crosse de hockey. 

4. Crosse de hockey selon Tune quelconque des revendicattons 1 k 3, caract^iste par une Ame creuse s*6tendant k 
40 rint6rieur d'au moins une partie de sa longueur. 

5. Crosse de hockey seton la revendication 4, caract^ris^e en ce que I'dme creuse est contenue principalement dans 
la poign6e (4) de la crosse de hockey et est ooaxiale avec I'axe de la poign6e (4). 

45 6. Crosse de hockey selon la revendication 5. caract^isde en ce que I'dme creuse a une section transversale sensi- 
blement drculaire. 

7. Crosse de hockey selon Tune quelconque des revendlcations 1 k 3. caract6ris6e en ce que la poignte (4) de la 
crosse de hockey a une forme moul^e (7, 8) accoupl^e, noyte ou entourte par une autre matidre piastkiue qui 

so constitue une forme de prise permettant de saisir la crosse de hockey. 

8. Crosse de hockey selon la reverxjication 7. caract^iste en ce que la forme moul6e a une section transversale en 
6toile (8). elliptique. rectangulaire ou triangutaire ou forme une gorge (7) ou comprend une s6rie d'ouvertures cir- 
culaires situ6es k intervalles espac^s le long de la poignte (4). 

55 

9. Crosse de hockey selon Tune quelconque des revendications prte6dentes. caract^is6e en ce que la peau externe 
de matidre plastique et la matidre plastique expanses ont une composition chintique diff6rente. 
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10. Crosse de hockey seton I'une quelconque des revendications 1 k 8. caract^is^e en ce que ia peau externe de 
mati^re plastique et la mati^e plastique expansde ont la m6me composition chimique, mais des densit^s diff 6ren- 
tes. 

5 11. Crosse de hockey selon I'une quelconque des revendications prteddentes, caract6ris6e en ce que la ou les mati^ 
res plastiques est (sont) de type thermoplastiqua 

12. Crosse de hockey seion ia revendication 1 1 , caract^ris^e en ce que la ou les matidres plastiques est (sont) cons- 
titu^e(s) de Nylon ou de polypropylene. 

10 

13. Crosse de hockey selon Tune quelconque des revendications prteMentes, caract^^ en ce que la ou les mati^ 
res plastiques est (sont) ren1brc6e(s) de fibres de renfort d distribution statistique. 

14. Crosse de hockey selon larevendication 13, caiact^is^ en ce que (e renfort connprendde&fibresdeverre. decar- 
IS boneoud'aranrtide. 

15. Crosse de hockey selon la revendicatton 13 ou 14. caractdriste en ce que la longueur des fibres de renfort se situe 
dans la plage de 1 ^ 20 mm. 

20 16. Crosse de hockey selon la revendication 1 5. caract^ris^e en ce que la longueur des fibres de renfort se situe dans 
la plage de4^ 12 mm. 

17. Crosse de hockey selon la revendication 16, caract^ris^e en ce que les fibres de renfort ont une longeur moyenne 
de 8 mm. 

25 

18. Crosse de hockey selon I'une quelconque des revendications 13^17, caract6ris6e en ce que le poids total des 
fibres de renfort se situe dans une plage de 60 & 90% du polds total de la mati^e plastique renforc6e par les f fores. 

1 9. Crosse de hockey selon la revendication 1 8, caract6ris6e en ce que te pdds total des fibres de renfort est d'environ 
30 80% du poids total de la matidre plastique renforc6e par les f fores. 

20. Crosse de hockey selon Tune quelconque des revendications pr^ddentes. caratdris^e en ce que la density de la 
mati^re plastique expans^e est d'environ 80% de celle qu'aurait ia mature plastique non expanses. 

35 21 . Crosse de hockey selon I'une quelconque des revendications pr6c6dentes, caractdris^ en ce que la poign^e (4) 
et la queue (3) sort au moins partiellement enveioppto d*un mat^riau pour facillter la prise de la aosse de hockey 
par un utilisateur. 

22. Proc^d de fabricatfon d'une crosse de hockey de mati^re plastique qui comprend i'injection d'une mati^re plasti* 
40 que dans un moule, carBct6ris6 en ce qu'un agent d'expansion ou de soufflage est ajout6 k la matidre plastique 
avant son injection dans le moule, en ce que la mati^e plastique est introduite dans le moule d un emplacement 
qui comprend la partie interne de la forme en aochet au niveau de la t^e (2) de la crosse de hockey, en ce qu'un 
fluide gazeux est injects dans le moule pendant une p^riode s6lectionnte tout en tnjectant la matidre plastique 
dans le moule* formant de la sorte une crosse de hockey dans laquelle la density de la tdte (2) et de la queue (3) 
45 est sup^rieure dans la r^ion de peau externe k celie de la region contenue par la peau externe, et la density de 
la r^ion de peau externe de la tdte (2) et de la partie inf^eure de la queue (3) est sip6rieure et dans la partie 
sup^eure de la poign6e, infdrieure k la density moyenne de la peau externe, et en ce qu'une rainure (10; 6) est 
form^e dans Tanidre de la queue (3) de la crosse de hockey au cours du proc6d6 de moulage ou apr^ celui-d. 

so 23. Proc^6 selon la revendication 22, caract^s6 en ce que la mati^re plastique est de type thermoplastiqua. 

24. Proc6d6 selon la revendication 23. caract6ris6 en ce que la matidre plastique est du Nylon ou du propyl^e. 

25. Proc§d6 selon Tune quelconque des revendications 22 k 24, caract^ris^ en ce que. aprte fabrication, la crosse de 
55 hockey est Immerg6e dans de Teau d'une tennp^rature dans la plage de 0 d 1 0O^C. 
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